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© A generally flat, flexible, resilient double faced 
spring (12) used in combination with a generally flat 
spacer (13) with the spring having the same number 
of uniform protrusions (16) on each of its flat sur- 
faces, the protrusions on each surface being equidis- 
tant from each other. The protrusions have spherical 
tips (20) which function as multiple fulcrums, a 
spherical tip protrusion on one side of the spring 
surface being precisely half way between the spheri- 
cal protrusion on the other surface such that no 
protrusion on one surface is exactly opposite a pro- 
trusion on the other. The essentially flat spacer is 
equipped with protrusion receiving recesses spaced 
to coincide with the locations of the protrusions on 
the adjacent spring. The tip of each protrusion of a 
spring is in alignment with the respective spacer 
recess so that when multi-protrusion springs are 
combined with a spacer, they are prevented by the 
recesses from laterally shifting or moving into a 
rotational position. 



FIG I 
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Cross-Reference to Related Application 

This invention is a Continuation-in-Part of an 
earlier patent application entitled "UNIFORM 
LOADING SPRINGS OF IMPROVED CONFIGURA- 
TION" and all of the significant teachings of that 
application are incorporated into this application. 

Background of the Invention 

This invention relates to uniform loading 
springs traditionally included in a category of 
springs described generally as leaf springs, dia- 
phragm springs, suspension springs or the like that 
form a cushioning or load bearing function. The 
springs of this invention may be employed in a 
wide variety of systems and can replace existing 
washers and springs such as wavy spring washers, 
curved spring washers, compression springs, and 
precision washers as well as lockwashers and the 
springs noted above. The springs comprising the 
present invention are controlled by simple beam 
deflection. 

Prior art devices bearing some similarity to the 
present invention are reflected in, for example, U. 
S. Patent No. 2,179,575 to Hosking, entitled "Lock 
Washer." This patent describes a device having a 
plurality of projections or locking elements which 
project from opposite sides of the washer body. In 
such a structure, these projections may include 
corners or edges that define sharp work-engaging 
corners or edges that can embed themselves with- 
in the surface of the work piece; i.e. a screw head 
or nut. Thus, Hosking encourages the lock washer 
to engage the adjacent member-the underside of a 
screw head or a nut-in a scraping or scarring 
manner, so as "to effectively secure the nut against 
retrograde movement." 

Consequently, an object of this invention is to 
provide springs which have great versatility; uni- 
form spring loading, compression, and flexibility 
under variable environmental conditions; and no 
damage to adjacent members. The springs of the 
present invention are designed to minimize friction, 
overheating, shear, stress, fatigue, deformation, 
noise levels, oscillations, and vibrations. Another 
object is to reduce weight and bulk and enhance 
load capacity as compared to existing springs em- 
ployed for comparable jobs. 

Existing lockwashers are typically loaded at 
one or sometimes several points. This causes 
shearing, scarring or other damage to the screw or 
base of the metal. However, if washers are used on 
both sides of the ordinary lockwasher, there is a 
tendency to loosen under vibration. Thus, another 
object of this invention is to prevent spring loosen- 
ing, while avoiding metal fracture, scarring and 
chipping. 



Many spring systems and designs have failed 
because of lack of uniform loading and mainten- 
ance of alignment in many areas (bearings and 
optical precision instruments, for example) due to 

5 temperature changes, stress, humidity, atmospher- 
ic pressure and other environmental factors that 
may cause critical variations. In bearing designs, 
proper alignment and adjustment of the ball track is 
very important to prevent skidding and noise and to 

io increase bearing life. In optical and other precision 
instruments (such as those employed in outer- 
space), maintaining uniform loading, providing for 
expansion and contraction, reducing stress, pre- 
venting deformation, and damping of vibrations or 

75 oscillations are vital to proper and successful per- 
formance. 

Presently available wavy washers cannot be 
fabricated for sensitive uniform loading because of 
their configuration. The wavy portion on each con- 

20 tact segment is not equal and has a different spring 
rate. Twisting taking place on each contact seg- 
ment causes undue stress which does not permit 
the material to return to its orginal position. This 
results from structural fatigue. Belleville spring 

25 washers have similar problems because of buck- 
ling. Deformation or fracture of the spring can de- 
stroy the entire system in which it is employed. 

It was to overcome these and other disadvan- 
tages of the prior art that the present invention was 

30 developed. 

Summary of the Invention 

A spring designed in accordance with this in- 

35 vention may comprise a generally flat, flexible, 
resilient, double-surfaced spring component used 
with a generally flat spacer member. The same 
number of uniform protrusions are utilized on each 
surface of each spring component, with each adja- 

40 cent pair of protrusions being equidistant from each 
other. The bases of these protrusions are firmly 
attached to the respective surface of the spring 
component. The protrusions have spherical tips 
which are usable as multiple fulcrums. A given 

45 spherical tip protrusion on one side or surface of 
the spring is precisely half-way between the spheri- 
cal protrusions on the other surface, such that no 
protrusion on one surface is exactly opposite a 
protrusion on the other surface. 

so Although the primary configuration of the novel 
spring of this invention involves the use of one 
multiprotrusion spring in contact with an essentially 
flat spacer member equipped with protrusion-re- 
ceiving recesses, a variation can use a multiprotru- 

55 sion spring, each side of which engages a spacer 
member equipped with multiple recesses. The es- 
sentially flat spacer member is equipped with re- 
cesses spaced to coincide with the locations of the 
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protrusions on the adjacent spring component. 

The tip of each protrusion of a spring is in 
alignment with a respective recess provided in the 
adjacent essentially fiat spacer member. Thus, 
when a number of multiprotrusion springs are com- 
bined, they are prevented by the recesses on the 
fiat member from laterally shifting or moving into a 
rotational position where the protrusions of one 
spring are in the undesirable alignment with the 
protrusions of the other spring. 

One basic embodiment of the spring is of 
annular configuration, having a central hole into 
which components associated with the adjacent 
members may extend. 

Another distinct embodiment of the invention 
involves a spring in which the flat, flexible, resilient, 
double-surfaced material is of rectangular, square, 
or other configuration, in which no central hole is 
utilized. 

In accordance with either of these principal 
embodiments, sandwich construciton may be uti- 
lized using a number of annularly shaped members 
or a number of rectangularly shaped members in a 
stacked relationship. 

In either type of sandwich construction, there is 
a substantially flat spacer to separate the springs 
which utilizes recesses to receive the spherical 
points of the mounting protrusions to prevent the 
protrusions of one spring from moving into an 
undesirable relationship with another spring. 

As to the protrusions utilized, they may be 
hollow, generally spherically formed contact points, 
each usable as a fulcrum with protrusions alternat- 
ing on each surface of each spring. Alternatively, 
the protrusions may be solid and generally spheri- 
cally configured or rounded so as to be usable as 
fulcrum contact points, with the surface of the 
spring opposite each protrusion being flat. 

The springs basically consist of double-sur- 
faced flat spring (metal disks or the like) having 
uniform projections or protrusions on both sides. 
These projections or protrusions alternate with gen- 
erally flat areas and must be centered and equally 
spaced so that a rounded protrusion on one side or 
surface of the spring is precisely centered opposite 
a flat area on the other side or surface of the 
spring. Therefore, the rounded protrusions are 
equally spaced from one another on each side of 
the spring and uniformly spaced from the edge of 
the spring base. 

The number of protrusions on each side of the 
spring should be equal and of the same size and 
configuration. There may be one or more rows of 
protrusions. 

Uniform loading is achieved by the structure 
and symmetry of the spring. For most uses, the 
preferred structure has a minimum of three round- 
ed or generally spherical protrusions on each side 



of the spring. However, two protrusions on each 
side may be quite satisfactory in some circum- 
stances. It is also obvious that more than three 
protrusions may be used on each side of the 
5 spring. 

Where the protrusions on the springs are 
formed by a press which forms a dent in one 
surface and a protrusion on the opposite surface, 
dents and protrusions alternate on each surface. In 

70 the case of a circular spring, the dents and protru- 
sions are placed on the circumference of a circle 
which is coaxial with the circumference of the 
spring. The spring would usually be annular with a 
center aperture as shown in the appended draw- 

75 ings. 

The advantage of utilizing these uniformly 
spaced, rounded protrusions can best be under- 
stood by describing the operation of the spring. 
When a spring is placed between two adjacent 

20 members (essentially flat spacers) each protrusion 
on one side of the spring will contact the first 
spacer, and each protrusion on the other side of 
the spring will contact the second spacer. Where 
all protrusions are of the same size, the tops of the 

25 rounded protrusions on one side are in a place 
which is parallel to the plane determined by the 
tops of the rounded protrusions on the other spring 
side. The spacers are equipped with recesses to 
receive the spherical tips of the respective protru- 

30 sions. 

When the contacting elements of adjacent 
members are barely touching the protrusions, the 
spring is unstressed. When the device in which the 
springs are used is assembled, the connection 
35 between the contacting elements and the spring is 
normally tightened so that the spring is under 
some stress. When this occurs, the spring bends 
between the protrusions like a beam of resilient 
material. Thus, the elements are held firmly in 
40 place by the preloading stress. Even when com- 
pressed, the spring should float and not contact the 
housing, except in instances where there may be 
only two protrusions on each side and the spring is 
used in the general manner of a tension spring. In 
45 such a case, there is no damage to adjacent mem- 
bers by the locking action. 

If the device under stress is moved to a dif- 
ferent environment involving changes in atmo- 
spheric pressure or changes in temperature or hu- 
so midity which causes expansion or contraction of 
any elements of the device, the consequent expan- 
sion or contraction will either increase or decrease 
the flexure of the spring accordingly. A tight fit and 
the parallelism of the elements will be maintained. 
55 The compensatory effect of the springs can be 
made with extreme changes in atmospheric con- 
ditions. For example, a camera sent from earth to 
outer space may encounter a variety of extreme 
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conditions. The springs can compensate for the 
changes between dissimilar elements such as 
glass and metal or different metals. No known prior 
art spring can provide such uniform compensation. 

The springs of the present invention may be 
fabricated in any size or configuration. Depending 
upon the use, springs may be circular, oblong, 
oval, rectangular, and the like. The protrusions may 
be rounded or generally spherical, so as to act as 
non-damaging fulcrums in conjunction with the ba- 
sic flat member of the device. The protrusions or 
fulcums can be manufactured as solid or hollow 
forms. 

The springs may be manufactured by various 
inexpensive means and fabricated of various met- 
als, such as spring or stainless steels, exotic met- 
als or materials or combinations thereof, or poly- 
meric or synthetic materials as needed depending 
upon the conditions and purposes. The materials 
should have spring memory and not plastic de- 
formation. Specifically, the spring materials need 
resilient qualities. Load may be varied by using 
different type, weight, thickness or stiffness of ma- 
terials. 

The entire spring with its rounded protrusions 
may be case in molds, or projections may be 
made and then riveted, brazed, welded, or other- 
wise affixed to both spring surfaces. Another 
means of forming protrusions is to stamp the 
spring material with a die of predetermined size 
and configuration to form a hollow, carefully round- 
ed member, with a dent on the side opposite. 
Rounded, generally spherical protrusions are then 
formed on both sides of the spring in such a 
manner that they alternate with dents of equidistant 
intervals. 

The springs of this invention may be nested or 
ganged to produce combinations of springs, 
springs and washers, or spacers. Such multiple 
combinations provide accurate loading with less 
sensitivity to load change due to expansion or 
contraction responding to environmental forces. 
These combinations can be used in power packs, 
spring drives, dynamic oscillators, differential 
springs, and the like. They can change frequency 
and resonance in vibration systems. Also, they may 
be employed in bimetallic compensation networks, 
shock absorbers, and friction clutches. 

As the springs become larger in diameter, ad- 
ditional fulcrums may be included which will permit 
handling greater loads with thinner spring material. 
This is directly contrary to the action arising from 
the use of a coil spring where increasing the coil 
diameter reduces the strength of the spring. In the 
rectangular embodiment of the present invention, 
increasing the long side or length of the spring 
increases the load it can bear. 



As will now be clear, a principal object of this 
invention is to provide multiprotrusion springs used 
with complimentary spacers. There are made at 
reasonable cost, have great versatility, and provide 

5 uniform spring loading, compression and flexibility 
under variable environmental conditions. 

The springs are designed to minimize friction 
and overheating, shear, stress, fatigue, deformation, 
noise levels, oscillations, and vibrations. 

70 Another objective is to reduce weight and bulk 

and enhance load capacity compared to existing 
springs employed for comparable jobs., 

Another object of this invention is to provide 
springs designable to sensitive configuration and 

75 therefore respondable to the precise load require- 
ments of design engineers. 

Still another object of this invention is to main- 
tain alignment of parts of precision instruments 
under variable conditions. 

20 Yet still another further object of the invention 

is to reduce the cost of manufacturing prevision 
instruments. By employing springs of the invention 
in such instruments, tedious refinements and ad- 
justments may be obviated by the action of the 

25 springs in correcting machining error. The uniform 
loading of the spring can take up the tolerance 
error by providing more uniform compensation for 
machining inaccuracies. Ball bearings, for example, 
slightly out of square to a machine face, may be 

30 adjusted with the springs of this invention. 

These and other objects, features and advan- 
tages of the present invention will be made more 
apparent from a consideration of the following de- 
tailed description taken in conjunction with the fol- 

35 lowing drawings. 

Brief Description of the Drawings 

Fig. 1 is a perspective view illustrating one of 
40 the multiprotrusion springs disposed adjacent an 
essentially flat spacer, which spacer is equipped 
with recesses placed to receive the protrusions of 
the spring. 

Fig. 2 is an end-elevational view of the spring 
45 and spacer shown in Fig. 1 assembled in an oper- 
ational relationship and depicted in a no-load con- 
dition. 

Fig. 3 is an end-elevational view of the spring 
and spacer shown in Fig. 2 depicted in a deflected 
50 or loaded condition. 

Fig. 4 is a partial, sectional view illustrating a 
typical protrusion on one spring engaging the cor- 
responding recess on the adjacent spacer. 

Fig. 5 is a perspective view illustrating a multi- 
55 protrusion spring disposed between a pair of flat 
spacers, which spacers are equiped with recesses 
placed to receive the protrusions of the spring. 
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Fig. 6a is a side elevational and functional view 
of a spring and comprising an embodiment of the 
present invention positioned against two engaging 
surfaces in an unloaded condition. 

Fig. 6b is a side elevational and functional view 
of the spring and two washers comprising an em- 
bodiment of the present invention positioned 
against two engaging surfaces in a loaded or flexed 
condition. 

Fig. 7 is a side elevational and schematic view 
showing the use of springs and washers of varying 
thickness to control dampening functions required 
in the system used. 

Fig. 8 is a perspective view of a spring and 
washer forming an embodiment of the present in- 
vention with the elements separated to illustrate 
greater detail of these components. 

Fig. 9 is a plan view of a ten (10) fulcrum 
spring or spacer. 

Fig. 10 is an enlarged, sectional and'fragmen- 
tary view of the welding, bonding, fusing or other- 
wise connecting of a protrusion with a recess as 
used in the present invention. 

Fig. 11 is a perspective view of a rectangular 
spring and two rectangular spacers forming another 
embodiment of the present invention. 

Fig. 12 is a plan and side elevational view of 
the embodiment of the present invention shown in 
Fig. 11. 

Detailed Description of the Preferred Embodiment 

Referring to Fig. 1, a uniform loading spring 
shown generally as 12 is utilizable in compression 
with an adjacent spacer 13, spring 12 being a 
substantially flat, double surfaced component of 
flexible material having a centrally positioned hole 
14. At least two symmetrically shaped protrusions, 
shown generally as 16, are mounted on each sur- 
face of spring 12, with the protrusions on one 
surface being precisely half-way between the pro- 
trusions on the other surface of spring 12. The 
protrusions 16 are circularly positioned and have a 
common radius. 

Each of the protrusions 16 is conically config- 
ured, has a base portion 18 that is affixed to one 
side of spring 12, and has a spherically configured 
tip 20 that is remote from base portion 18. Addi- 
tional details of spring 12 and the protrusions 16 
are shown in Figs. 2 and 3. 

With continuing reference to Fig. 1, it will be 
seen that spacer 13 is approximately the same size 
and of the same general configuration as spring 12. 
Spacer 13 is provided with a number of recesses 
22, the recess spacing being identical to the protru- 
sion spacing on spring 12. 

When spring 12 and spacer 13 are properly 
aligned, the spherical configured tips 20 of protru- 



sions 16 are received in recesses 22. This align- 
ment between protrusions 16 and recesses 22 pre- 
vents displacement of one component with respect 
to the other. 

5 Fig. 2 illustrates the positioning of a spring 12 

and spacer 13 in proper alignment between two 
movable surfaces 24 without experiencing any 
compression between these two surfaces. The tips 
20 of protrusions 16 directly engage one surface 

10 24, and the larger protrusions 26 forming the op- 
posite side of the recesses 22 engage the other 
movable surface 24. 

Fig. 3 illustrates a compressive action exerted 
by surfaces 24 (see arrows) sufficiently strong that 

15 the spring is under stress and therefore bends 
between protrusions 16 like a beam of resilient 
material. Spring 13 is also under stress and de- 
flects significantly less but in a similar pattern. 
Fig. 5 illustrates the use of two spacers on 

20 either side of spring 12 wherein the protrusion tips 
20 are nested within recesses 22. This fixed ar- 
rangement is also shown in Fig. 6b, particularly that 
part of the view which illustrates the spring/spacer 
combination in an unloaded condition. 

25 The result of applying force to the single spring 
double spacer combination is also shown in Fig. 6b 
where load is applied to the spacer engaging sur- 
faces 30 causing the upper spacer and spring to 
deflect in a generally similar manner and the lower 

30 spacer to deflect in an essentially opposite manner. 
The use of spacers and springs of varying thick- 
ness are shown in Fig. 7, the varying combinations 
providing the capability to control demanding 
dampening functions in any particular system used. 

35 By combining the appropriate thicknesses of 
springs and spacers, precise dampening can be 
measured and applied. 

Fig. 10 shows a rectangularly shaped spring 
embodying the present inventive concept wherein a 

40 flat spring 32 and two rectangular spacers 34 are 
shown in a spring/spacer/spring combination similar 
to the circular configuration of Figs. 5, 6a, 6b, and 
8. 

While a preferred embodiment of a spring us- 
45 ing at least one complimentary spacer has been 
described, it is to be understood that modifications 
may be made in the spring and spacer sizes, 
configurations and numbers without departing from 
the spirit and purpose of the invention. 
50 With respect to the proceeding description, it is 
to be realized that the optimum dimensional rela- 
tionships for the parts of the invention to include 
variations in size, materials, shape, form, function 
and manner of operation, assembly and use, are 
55 deemed readily and obvious to one skilled in the 
art, and all equivalent relationships to those illus- 
trated in the drawings and described in the speci- 
fication are intended to be encompassed herein. 
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Accordingly, the foregoing is considered as illustra- 
tive only of the principles of the invention. Since 
numerous modifications and changes will readily 
occur to those skilled in the art, it is not desired to 
limit the invention to the exact construction and 
operation shown and described. All suitable modi- 
fications and equivalents that fall within the scope 
of the appended claims are deemed within the 
present inventive concept. 

Claims 



spacer utilized between the springs. 

6. The uniform loading spring as claimed in claim 
1 wherein the protrusions carried by one sur- 

5 face of the spring are precisely intermediate 

the protrusions carried by the other surface of 
the spring. 

7. The uniform loading spring as claimed in claim 
w 6 wherein a single spacer is utilized with the 

spring. 



1. A uniform loading spring able to be utilized in 
compression between two adjacent members, 
the spring being substantially flat, of a flexible 
material and having a double surface, each 
surface having at least two symmetrically 
shaped protrusions mounted thereon, each of 
the protrusions having a base portion, the 
spring being in combination with a spacer of 
approximately the same size and same general 
configuration as the spring, and having a num- 
ber of tip-receiving recesses therein, with the 
spacing of the recesses being identical to the 
spacing of the tip portions of the protrusions, 
such that when the spring and the spacer have 
been brought into an operative relationship, the 
spherical tips of the protrusions are received in 
the recesses to prevent an undesired rotation 
of the spacer with respect to the spring during 
the utilization of the spring. 

2. The uniform spring as claimed in claim 1 
wherein a single spacer is utilized with the 
spring. 

3. The uniform loading spring as claimed in claim 
1 wherein additional predetermined combina- 
tions of spring and spacers are operably joined 
to utilize in compression loads of selected 
sizes. 



8. The uniform loading spring as claimed in claim 
6 wherein a spacer is utilized in relation with 

is each set of protrusions extending away from 

each surface of the spring. 

9. The uniform loading spring as claimed in claim 
6 wherein two springs are utilized between 

20 which a spacer is used with the recesses uti- 

lized on the surfaces of the spacer being in 
operative relation with the adjacent protrusions 
associated with each of the springs. 

25 10. The uniform loading spring as claimed in claim 
6 wherein two springs are utilized between 
which springs the spacer is utilized with the 
recesses utilized on the surfaces of the spacer 
being in operative relation with the adjacent 

30 protrusions associated with each of the 

springs, each of the springs having a separate 
spacer utilized in operative relation with its 
protrusions that are directed away from the 
spacer utilized between the springs. 

35 



40 



4. The uniform loading spring as claimed in claim 
1 wherein two springs are utilized, between 
which a spacer is used, with the recesses 45 
utilized on the surfaces of the spacer being in 
operative relation with the adjacent protrusions 
associated with each of the springs. 

5. The uniform loading spring as claimed in claim 50 
1 wherein two springs are utilized, between 
which springs a spacer is utilized, with the 
recesses utilized on the surfaces of the spacer 
being in operative relation with the adjacent 
protrusions associated with each of the 55 
springs, each of the springs having a separate 
spacer utilized in operative relation with its 
protrusions that are directed away from the 
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